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Gate electrode 14 
Electrically conductive film 21 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cold electron emission element which can be 
especially used as the electron source or electron gun of ** and various electron beam use equipments, such as flat-panel display 
(FPD) type image display equipment and an optical printer, an electron microscope, and an electron beam machine, and its 
manufacture method. 
[0002] 

Pescription of the Prior Art] Give big heat energy to a cathode as in a cathode-ray tube (cathode lei tube : CRT), and thermionic 
emission is not caused. As opposed to conductive members, such as a metal and a semiconductor The strong electric field of 
106-107 or more V/cm are impressed. Research of the field emission type electron emission element of the type which makes 
discharge of a cold electron (called a field emission electron and a strong field emission electron) start from the front face of these 
members according to a quantum mechanics-tunnel phenomenon, i.e., a cold electron emission element, also prospers these days 
for it to be rich. If such a type of element is put in practical use in every place, since the heat energy accompanied by very big 
power consumption becomes unnecessary and the element itself may become very small like CRT, it greatly decreases, and by 
leaps and bounds, it miniaturizes (thin-shape-izing) and the power consumption of an application device also lightweight-izes a 
housing. 

[0003] The example of typical structure of such a cold electron emission element is shown in drawing 3 . If it explains, on the 
fundus material 1 1 which is physical supporter material of the cold electron emission element as the whole general ~ height ~ 
several micrometers The cone-like emitter 1 3 is formed so that a common name may be typically carried out to a cone emitter, 
from ~ the drill form solid configuration about submicron one - On the other hand, the gate electrode 1 4 (called a drawer * 
electrode) which is the electrode layer made from an electrical-conducting-material film which should impress the drawer 
potential for field emission is formed through the insulating layer 12 on the fundus material 1 1 . In the gate electrode 14, a 
diameter is several micrometers. The following openings 15 have opened and the tip section Po which is a cone-like vertex has 
attended this opening 1 5 in the nose of cam which is the free end of an emitter 13, i.e., this case. 

[0004] According to such structure, if the voltage Vg beyond a predetermined value is impressed to the gate electrode 14, the 
high electric field which are sufficient for pulling out an electron will arise from an emitter 1 3 between the inner circumference 
edge of this opening 1 5, and the tip section Po of an emitter 1 3. In addition, as a relative-position relation of the height direction, 
generally it pulls out and the direction of an electrode 14 has become a somewhat high position from the tip section Po of an 
emitter 13. Moreover, with such an emitter 1 3, if the tip section Po of a drill form is processible into punctiform [ literally very 
sharp / "punctiform" ], since the electric field generated by the gate voltage Vg impressed between an emitter 1 3 and the gate 
electrode 14 will be efficiently concentrated on the punctiform tip section Po concerned, an expected field emission phenomenon 
can be comparatively occurred also in low applied voltage. 

[0005] Then, the device for the formation of an emitter tip is made variously until now, and, as it is, to be sure, it is also going up 
the result. The emitter of the diameter of a nose of cam not more than it is also producible from lOnm. However, with such a cold 
electron emission element, as another problem, the emission current from an emitter might swing greatly in time, phenomena, 
such as sometimes increasing several or more times, if it thinks whether to decrease greatly by the way, might arise, and element 
destruction might be caused for the great emission current depending on the case. Such a phenomenon is considered to be a 
reason although the work function at the nose of cam of an emitter is mainly changed spatially, in time, and sharply by adsorption 
of the residual gas in an operating environment, contamination in a production process, etc. 

[0006] There are some which are depended on the cure against circuit-as a way method which solves this problem, the emission 
current which minds an emitter 13 by typical one connecting a field-effect transistor (FET) in series to a cold electron emission 
element, or building circuit structure equivalent to it, and controlling drain current ~ it is going to control ~ it is a thing That is, 
since the drain current of FET is uniquely controlled by the control voltage impressed to the gate, uniquely, it will control by the 
control voltage concerned impressed to FET, and the emission current by the electron flow emitted from the emitter 1 3 of a cold 
electron emission element as a result may be stabilized. Also in some this invention persons, the element which unified this FET 
structure, and the thing which made this FET structure build in in emitter itself are also already indicated 
[0007] 

[Problem(s) to be Solved by the Invention] However, even though the cure against circuit-is significant, it is not an essential 
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solution in a certain meaning. If there is a solution which originates in the structure of a cold electron emission element itself if it 
can do, it will not have exceeded to it. Surely, this invention was made in view of this point, and sets offer of the cold electron 
emission element from which the emission current stabilized according to the structural factor is obtained as the purpose. 
[0008] 

[Means for Solving the Problem] this invention person acquired a certain knowledge being chemically covered with the matter 
with high stability for the front face of the emitter produced with the semiconductor generally represented by silicon in order to 
attain the above-mentioned purpose. Under this way of thinking, although the quality of the material of the fundus material in 
which the emitter is formed was not caused how, and the emitter would be formed in fundus material and one and it would not be 
wholeheartedly as a result of research, when the emitter itself was a product made from a semiconductor, it resulted in the 
composition which covers the emitter front face concerned with the film which has conductivity regardless of the conductivity 
type and to say. 

[0009] Although the quality of the material of the electric conduction film to cover is fundamentally arbitrary, to one, the material 
which makes carbon a principal component is desirable. Or the diamond which contains a single crystal or an amorphous 
substance again more concretely, the hydrocarbon which similarly contains a single crystal or an amorphous substance, graphite, 
etc. can be mentioned, and you may be those some or all laminated structures. Furthermore, what sintered the organic material 
may be used and it is sintering and using the resist film with which especially a desirable thing's is used widely by this invention's 
as a low-ranking mode at element production. 

[0010] About the material of fundus material, it may completely be arbitrary, and you may be glass, a single crystal or an 
amorphous semiconductor, a metal, etc. Especially, since an electric conduction film is shown in an emitter front face at least 
according to this invention even if fundus material is the insulating matter, if a terminal is prepared by the relation which takes a 
flow on this covering film, a carrier can be supplied to an emitter. 

[001 1] Generally, since this kind of cold electron emission element carries out accumulation arrangement densely superficially 
and uses many, in such a case, you may prepare an electric conduction film in the shape of a stripe by the relation which follows 
each emitter of two or more cold electron emission elements on a par with about 1 train at a series. 
[001 2] Furthermore, in this invention, the composition which makes a split face intentionally the front face of an electric 
conduction covering film is proposed as desirable composition. Although the method for making it this split face itself is 
essentially arbitrary too, it can propose use of the method of etching oxygen plasma desirably. And as stated previously, when 
sintering and using a resist film, it is convenient also for performing plasma etching processing just before the sintering concerned 
or to immediately after obtaining a split face also with the process up good on a physical target. 

[00 1 3] On the other hand, in preparing an electric conduction film in an emitter front face according to this invention After 
forming an emitter on fundus material also as the production method, the electric conduction film which covers the front face of an 
emitter previously is formed. Then, the technique of forming in order opening which exposes the tip section of an emitter in the 
electrode layer which deposited the electrode layer which finally serves as an inter-electrode insulating layer, a becoming 
insulating layer, and a gate electrode, and was deposited with lithography technology, and an insulating layer is proposed. 
[0014] Also in this technique, after covering an emitter with an electric conduction film, you may include the process which 
sinters an electric conduction film, and may include further the process which split-face-izes the electric conduction film 
concerned. What is necessary is for this split-face-izing to be desirable too, according to oxygen plasma etching, as stated 
previously, and just to perform it to just before [ the ] or immediately after, when forming the electric conduction film by sintering. 
Outside it, when applying this method about the material selection flexibility of each part material, it is as stated above. 
[0015] 

PEmrxxliments of the Invention] drawing 1 being alike — the outline block diagram in 1 operation form with the desirable cold 
electron emission element built according to this invention is shown Since the object of improvement by this invention is clarified, 
the explanation about the element structure which the amount of fundamental structured division has become the same as the 
element already hung up over drawing 3 , therefore was explained until now can be applied almost similarly in this invention. 
[00 1 6] The direct feature in this invention is that the front face of an emitter 1 3 is covered with the electric conduction film 2 1 . 
Although there is an advantageous point on a manufacturing process and structure so that a little this may be described later, 
although the electric conduction film 21 concerned is formed by the relation which follows an emitter front face not only the front 
face of an emitter 1 3 but on the front face of the fundus material 1 1 in which the emitter 1 3 is formed in illustration, it is not 
indispensable and the electric conduction film 21 should be formed only on the emitter front face 1 3 at least. 
[00 1 7] When an emitter 1 3 was generally a semiconductor, according to the experiment of the place which covered the front face 
with the big electric conduction film 21 of conductivity rather than it, and this invention person, it compared with the thing " 
without that right, and the stable emission current was obtained with time by whether it is **. Although a thing desirable as the 
quality of the material of an electric conduction film also has this variously like the after-mentioned, it is not based on the quality 
of the material, but just a dovetail is worn by some differences at a grade and the effect is accepted. It is because according to this 
invention person's knowledge an emitter front face becomes inactive chemically, the residual-gas molecule in a vacuum stops 
being able to adsorb easily and the emission-current fall with the degree of low vacuum can be prevented by covering of the 
electric conduction film which is a stable material chemically. 

[00 1 8] Moreover, the work function on the front face of an emitter can also be reduced, and since it is especially an electric 
conduction film, a threshold voltage can also be reduced. In practice, the effect of this latter is quite large, and when producing 
commercially, it can mitigate the burden of the driver circuit of an element, and it can induce much more miniaturization and a 
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cost fall. 

[001 9] The quality of the material of the electric conduction film 2 1 has a desirable material which makes carbon a principal 
component. The outside containing the carbon film itself, the diamond containing a single crystal or an amorphous substance, the 
hydrocarbon which similarly contains a single crystal or an amorphous substance, graphite, etc. can be mentioned, and you may 
be those some or all laminated structures, furthermore, the resist film as which what sintered the suitable organic material is 
sufficient and which carries out and is used widely by element production ~ especially, it is more desirable when polyimide 
system material etc. sinters and uses a novolak system resist film typically this — very ~ cheap -- acquisition ~ it is an easy 
material First of all, since applying on furring at the time of element production is planned, handling is also easy. Also in fact, this 
was able to be applied and the stable and good electric conduction covering film was able to be obtained by sintering. Even if 
compared with the carbon sputtering coat, the stability of the emission current with time was high. 

[0020] However, although it cannot say that formation is easy even though there is also an advantage which is hard to throw away 
into each by the individual, the diamond is expensive and it is based on CVD, since an electron affinity is negative, the electron 
emission in a low battery is expectable. Although CVD electric discharge formation is conversely easy the hydrocarbon, there is a 
grudge with low conductivity. Graphite can be easily formed by the spatter or the dipping method, and since conductivity is also 
high, it is one of the desirable material. 

[002 1] However, this relates to the below-mentioned desirable manufacture method, and, in illustration, the electric conduction 
film 21 is formed by the emitter front face and a series of relations also on the front face of the fundus material 1 1 . Therefore, all 
over drawing, if it is with the need, as an imaginary line shows, a fundus material tenninal or the emitter terminal 22 can be pulled 
out from some portion of this electric conduction film 21 . Therefore, when carrying out accumulation arrangement densely 
superficially and using this kind of cold electron emission elements [ many ] as general structure, by the relation which follows 
each emitter of two or more cold electron emission elements on a par with about 1 train at a series, through the fundus material 1 1 
top, the electric conduction film 21 can be formed in the shape of a stripe, and one terminal 22 can be shared as an electrode 
terminal common to them. 

[0022] Moreover, the quality of the material of the fundus material 1 1 may be insulation, and can take a flow to an emitter 1 3 
through the electric conduction film 2 1 . Even if that is not right, if it carries out from the position of this invention, the basic 
structure of other portions in this well-known existing kind of cold electron emission element can be applied almost as it is, and 
restrictions will not come out in principle about the quality of the material of the fundus material 1 1 . You may be glass, a single 
crystal, or an amorphous-semiconductor metallurgy group. 

[0023] however, the electric conduction film 21 prepared in an emitter front face ~ intentional ~ fluff - like ******, it is 
desirable to be made the split face It is because the so-called number of the increase of an emission surface area and current 
discharge sites increases, it will see relatively and the stability of current discharge will increase, if it does in this way. Although 
the technique for making it a split face itself is arbitrary as a principle and you may also include mechanical processing, the 
etching method by oxygen plasma is in desirable technique. This is the technique which can be easily incorporated in the middle 
of a manufacturing process. This split-face-ization can be performed to just before [ the ] or immediately after, when sintering the 
resist film mentioned already, for example and using it as an electric conduction film 2 1 . 

[0024] In addition, what was formed in the fundus material 1 1 and one may be formed in another object by the emitter 1 3 so that 
clearly [ considering the flexibility on the material in a relation with the fundus material 1 1 described previously ]. Furthermore, 
although not illustrated, when including FET structure in a cold electron emission element, you may be carrying out [ being 
formed on the drain field formed for example, on fundus material, etc. and ]. The origin may be the so-called multi-emitter 
structure where the tip is divided into plurality in one etc., and should just cover an electric conduction film with a case to each 
emitter according to this invention. Even if it makes it a solid configuration, a square shape configuration etc. is sufficient and you 
may be the thing of the pillar-shaped configuration which makes the "edge" of the crowning considered to be a set of many points 
in a circle the current discharge section. 

[0025] thickness of the fundus material 1 1 which is n type silicon semiconductor substrate here when the account of an example 
of the size relation to the cold electron emission element by these people's trial production is carried out by reference 400 
micrometers Or 500 micrometers it is — thickness of the insulating layer 1 2 according [ the thickness of the electric conduction 
film 2 1 which carried out sintering formation of the resist film ] to about 20nm and a silicon oxide 400 ~ or ~ the thickness of the 
gate electrode 14 using 600nm and niobium (Nb) - about 200nm it is . The diameter of foot of the cone type emitter 13 cut down 
by one from the fundus material 1 1 is 1 micrometer. The path of a grade and the tip section Po is about lOnm. 
[0026] 1 operation form of the desirable manufacture method which produces the cold electron emission element of this invention 
is shown in drawing 2 . this drawing (A) the fundus material 1 1 which is a n-type-semiconductor substrate here prepares as 
shown — having — this drawing (B) the well-known existing lithography technology, such as the reactive-ion-etching method after 
attaching the silicon-oxide mask 3 1 on it so that it may be shown, - using for - this drawing (C) It is started using the emitter 
prototype portion for finally forming an emitter 1 3 in the future as a protrusion so that it may be shown. 
[0027] When a thermal oxidation process is given here, it is drawing 2 (D). Since it grows up even if the front rear face of the 
fundus material 1 1 oxidizes thermally and the thermal oxidation film 32 goes to the interior of fundus material as shown, the 
emitter 1 3 with which the nose of cam was radicalized is formed in the interior as a result. 

[0028] By the desirable manufacture method of this invention, buffer ******** e tc. will remove the thermal oxidation film 32 
here, the front face of the fundus material 1 1 or an emitter 1 3 will be made to expose, and, first of all, the electric conduction film 
2 1 will be formed on it. If opening was prepared, the process at which an emitter is exposed is taken and it is going to form the 
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electric conduction film 21 to the emitter exposed according to this process conventionally after depositing even an insulating 
layer 12 and the gate electrode layer 14 for the time being According to this process, this is avoidable, although there was a 
possibility of an electric conduction film having adhered also to the internal surface of opening of an insulating layer, and 
short-circuiting an emitter and a gate electrode, since it became the work in size within the limits to which the opening itself is a 
diameter of minute and it was restricted extremely. 

[0029] The electric conduction film 21 is a resist film of a novolak system desirably, after it makes this adhere to predetermined 
thinness, it performs sintering, and it is drawing 2 (E). The structure which covered the front faces of an emitter 1 3 also including 
the front face of the fundus material 1 1 with the electric conduction film 2 1 in this case is acquired so that it may be shown. 
[0030] Here, especially a desirable thing is drawing 2 (F) to immediately after [just before performing the sintering process 
concerned ]. It is performing oxygen plasma etching under the plasma environment 33, and split-face-izing the electric conduction 
film 21 intentionally so that it may be shown. An emission current site can be increased by increasing a surface area substantially, 
and, also in fact, this effect is checked. 

[0031] After this, it is drawing 2 (G). The insulating layer 12 which consists of a silicon oxide so that it may be shown, and the 
electrode layer 14 which consists of niobium are deposited in order using a vacuum deposition method etc., and it is drawing 2 
(H). After forming a protective coat 34 desirably so that it may be shown, the resist film 35 is formed. 

[0032] By applying the reactive ion etching in oxygen atmosphere, the reactive ion etching in **** system gas, etc. in order, only 
the electrode layer 14 of the portion which has upheaved under the influence of the emitter 1 3 in the interior is removed, and it is 
drawing 2 (I) further. The portion of the insulating layer 1 2 located in the emitter upper part is made to accept and expose so that 
it may be shown. 

[0033] Then, when the portion of the insulating layer 12 which was flooded with the buffer **** solution and has been exposed is 
removed, it is drawing 2 (J). If the emitter 1 3 which stood up in opening 1 5 appears and the protective coat 34 which carries out 
flooding with resist exfoliation liquid finally etc., and remains is removed so that it may be shown, it will be drawing 2 (K). The 
cold electron emission element by this invention shown in drawing 1 is completed so that it may be shown. 
[0034] 

[Effect of the Invention] According to this invention, the cold electron emission element from which the stable emission current is 
obtained can be offered. Moreover, if the used electric conduction film is intentionally made into a split face, since the number of 
current discharge sites can be increased substantially, the stable emission current is obtained further. There are a place which 
contributes to FPD to which application is expected most, and a thing which becomes size. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline block diagram in 1 operation gestalt with a desirable this invention cold electron emission element 
[Drawing 2\ It is rough process drawing in 1 desirable operation gestalt of the cold electron emission element manufacture 
method of this invention. 

[Drawing 31 It is an outline block diagram about the fundamental structure of this kind of cold electron emission element. 
[Description of Notations] 

1 1 Fundus Material, 

1 2 Insulating Layer, 

13 Emitter, 

14 Gate Electrode, 

21 Electric Conduction Film, 
33 Plasma Environment 
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